Friction stir spot welding (FSSW) has already been used in many companies for joining light materials such as aluminum and magnesium alloys, and in recent years, this process is coming to use for dissimilar joints. It is important to understand the material flow during dissimilar FSSW to obtain a sound joint. In this study, the material flow and temperature history during dissimilar FSSW on magnesium alloys is investigated by experimental approaches. Results of the investigation indicate that the combination of the upper and lower sheet materials affects largely on the material flow and joint soundness. Furthermore, the selection of a tracer material to observe the material flow was discussed. It becomes also clear that the appropriate tracer material must be selected for the adequate investigation of the material flow during FSSW.
Introduction
Friction stir spot welding (FSSW) has been studied by many researchers and the practical use of FSSW has been increased for joining light materials such as aluminum and magnesium alloys.
One of benefits of FSSW is the ability to join materials which have difficulties to be welded by fusion welding processes, i.e.
2000 and 7000 aluminum alloys or magnesium alloys, since FSSW is distinct from the conventional welding technique such as arc or laser welding in terms of the solid state process.
However it has been reported that the peak temperature within a stir zone reaches the solidus temperature during FSSW and this high temperature leads to liquation and cracking issues on magnesium and aluminum alloys [1] [2] . It is well know that the temperature and its history during FSSW affect significantly on the material flow, which promotes the stir zone formation and has the large effect on joint properties. In addition, FSSW is coming to use for a dissimilar joint in recent years. Although the temperature cycle and material flow during FSSW on a dissimilar joint must be more complicated and it affects more strongly on weldability and joint properties compared with that on a similar joint, there are a few reports showing the detail temperature cycle and material flow during dissimilar FSSW 3) .
In this study, the material flow and temperature cycle were investigated during FSSW on dissimilar joints of Mg-alloys. The effect of the dissimilar material combination using Mg-Al binary alloys (Mg-3%Al and Mg-9%Al) on the material flow is discussed based on the precise temperature measurement and microscopic observation. The selection of the tracer material to observe the material flow was also discussed in this paper. A Cu sheet, some kinds of fine metal wires and WC powders were used as a tracer material in order to make clear these effect on the material flow due to the reaction between these tracer material and the base material (Mg-alloy). Microscopic observations and EDX analysis were carried out on the weld joint in order to evaluate the tracer material motion and the reaction of the tracer material with the base material.
Experimental procedure

Material flow on dissimilar FSSW
Two types of Mg-Al binary alloy sheets with 1.6 mm thickness were used as a base material. As shown in Table 1 , the aluminum contents of the alloys are 3 and 9 % respectively in order to control the phase and solidus temperature of the base material. 
Material flow using tracer materials
Mg-3%Al alloy and AZ31 sheet with 1.6 mm thickness were used as a base material as shown in Table 1 Figure 3 shows the temperature histories of the stir zone in each combination of the upper and lower sheet materials. When the upper sheet is Mg-3%Al having the higher solidus temperature as shown in Fig.3 (a) , the maximum temperature occurs at the beginning of the dwell period, then the temperature goes down gradually during the dwell period. On the other hand, when the upper sheet is Mg-9%Al having the lower solidus temperature, the temperature rises slowly during the dwell period and the peak temperature can be observed at the end of the dwell period.
Result and Discussion
Material flow on dissimilar FSSW
The detailed material flow model during similar FSSW has already proposed as follows 4, 5) . The joining process consists mainly from the following three stages. In the plunging stage, when the rotating probe penetrates into the upper sheet material, the upper material goes downward with the probe penetration.
Then the probe tip begins to penetrate into the lower sheet material, the lower material moves upward. In the next dwelling stage, when the tool shoulder completely contacts the upper sheet surface, the upper material strongly moves inwards and toward the probe root, and it is incorporated into the stir zone together with the lower material moving upward. In the last withdrawing stage, when the tool is withdrawn after the dwell period, the material receives a tensile strain and a keyhole is created. . 
Material flow using tracer materials
Conclusions
In this study, the material flow and temperature history during dissimilar FSSW on magnesium alloys is investigated by experimental approaches. Furthermore, the selection of a tracer material to observe the material flow was also discussed. The findings obtained are enumerated below.
1. On dissimilar FSSW, the combination of the upper and lower sheets affects largely on the stir zone formation and joint soundness since the material flow and temperature during FSSW depend on the solidus temperatures of the upper and lower sheet materials.
2. When Cu sheet and Ni wire were used as a tracer material, the evidence of the eutectic reaction and liquid formation between the tracer material and base material was observed.
The tracer material must be selected carefully in consideration of the reaction with the base material to avoid the reaction in order to obtain the actual material flow during FSSW.
